Waterborne pathogens present a significant threat to people living with the human immunodeficiency virus (PLWH). This study presents a randomized, controlled trial that evaluates whether a household-level ceramic water filter (CWF) intervention can improve drinking water quality and decrease days of diarrhea in PLWH in rural South Africa. Seventy-four participants were randomized in an intervention group with CWFs and a control group without filters. Participants in the CWF arm received CWFs impregnated with silver nanoparticles and associated safe-storage containers. Water and stool samples were collected at baseline and 12 months. Diarrhea incidence was self-reported weekly for 12 months. The average diarrhea rate in the control group was 0.064 days/week compared to 0.015 days/week in the intervention group (p < 0.001, Mann-Whitney).
INTRODUCTION
Poor sanitation leads to contamination of drinking water A recent review of the literature sponsored by the World Health Organization (WHO) concludes that simple, socially acceptable, and low-cost interventions at the household (point-of-use (POU)) and community level have the potential to significantly improve the microbial quality of household water and reduce the risk of diarrheal disease and death, particularly among children (Clasen et al. ) . A recent meta-analysis of water-quality interventions aimed at reducing diarrheal disease, reported that household water interventions are more effective at improving water quality than interventions at the source, and that household water treatment (HWT) can be more cost-effective in the long run compared to centralized water treatment and distribution systems (Clasen et al. ) . Although studies have demonstrated numerous advantages to treating water at the household level, there are some concerns that exist regarding the acceptability and scalability of HWT systems (Schmidt & Cairncross ) .
A large cohort study in HIV-affected households in
Uganda demonstrated that a POU water system that employed chlorine disinfection and small-mouthed container storage decreased the number of episodes of diarrheal illness in HIV-infected household members by 25% (Lule et al. ) . This system also significantly reduced diarrheal episodes in non-HIV-infected children aged 3-12, but it did not significantly reduce the rates for other non-HIV-infected household members. In a recent study in Nigeria utilizing a similar technology and population, diarrhea rates were reduced by 46% among users.
This change was significant in the group that did not receive prophylactic antibiotics (Barzilay et al. ) . One POU water treatment technology that has demonstrated sustainability and social acceptance in various parts of the world is silver-impregnated ceramic water filters (CWFs) (Brown et al. ; Kallman et al. ) . Unlike a number of POU systems, silver-impregnated CWF units provide safe water storage and demonstrate effective microbial disinfection and physical filtration capabilities without residual odor or taste (Lantagne ) . These filters are manufactured by combining clay, water, and sawdust in appropriate proportions, pressing the mixture into the shape of a pot, and firing the pot in a kiln. During firing, the clay hardens into a ceramic, and the sawdust combusts, leaving behind pores for water flow. After cooling, the fil- Funds from filter sales can therefore remain primarily in the local community, creating a sustainable business model.
The primary hypothesis of this investigation was that household-level CWF interventions would decrease diarrhea rates in PLWH in rural South Africa. In addition, we hypothesized that the filters would significantly improve the microbiological quality of household water. Finally, we evaluated whether the filters would be a socially acceptable POU technology. For this study, we recruited PLWH from a clinic delivering ART into a randomized trial comparing a CWF intervention to usual clinical care. We collected data over 12 months on episodes of diarrhea, CWF performance, rates of fecal positivity for Cryptosporidium, and CWF acceptability.
METHODS

Ethical clearance
This study was approved by Institutional Review Board of the University of Virginia and University of Venda as well as the participating clinic before the commencement of the study.
Study design
This pilot study is a randomized, controlled trial carried out 
Collection of diarrhea data
Diarrhea was defined as the passage of three or more soft stools in a 24-hr period. Diarrhea recall records were obtained using two separate methods of collection. A pictographic diarrhea record was distributed to each participant. a weekly basis to obtain total days of diarrhea in the previous week to cross-check the written records returned to the clinic. In the event that the phone record did not match the written record, the phone records were used.
Laboratory assays
Water collection and analysis 
Data analysis
Data analyses were performed using SAS 9.2, GAUSS 9.0, Minitab 16, and GraphPad Prism 5. Diarrhea rate was determined by calculating the proportion of episodes over the number of observation days and comparing the two using the Mann-Whitney test. Nearly identical results were obtained when the groups were compared using a twosample t-test with unequal variances. A Poisson regression model was also used to compare the intervention and control groups with respect to diarrhea rate in the follow-up period.
RESULTS
Recruitment
The flow of participants throughout the study is represented in Figure 1 . Ninety-three patients were screened at St Joseph's Clinic. Of the 93 patients, 19 were not included in the study. Reasons for non-participation included: decided not to participate after being discouraged by their partner, not feeling comfortable with providing a stool sample, or not providing us with proper contact information.
Laboratory testing
All filters were tested for their technological performance in the laboratory prior to being shipped to the University 
Water supply and health
Primary water sources were personal taps in the home or community taps from a treated source. Water was primarily stored in plastic buckets; however, plastic bottles served as a common secondary storage container. Over 70% of participants in both groups reported their storage container was covered and they used a cup with a handle. Twenty-one percent of the control group and 30% of the intervention group reported diarrhea in the past month and over 80% in both groups reported that they were not treating their water at the commencement of the study.
Hygiene survey
When asked how often participants wash their hands after bathroom use, over 80% in both groups responded 'always'. The remaining participants responded 'sometimes'.
Similarly, a significant majority, more than 90% in both groups, reported that they 'always' wash their hands before eating. However, 35% of the intervention group reported 'always' using soap while washing hands, whereas 62% of the control group reported 'always'. Fifty-nine percent of the intervention group did not attribute getting sick to water, while 53% in the control group did. About 50% of participants in both groups declined to answer questions regarding types of sicknesses that can be attributed to water. However, of those who did, the primary answer was diarrhea. The participants were approximately equally divided in regard to whether they believed that their water quality was poor. Results are summarized in Table 2 .
Diarrhea recall
The diarrhea rate is defined as the total number of days of reported diarrhea divided by the number of days of observation. 
Water quality
Water samples from 72 households were collected upon enrollment (water was collected from one household that had not completed a demographic survey) and at the final data collection, and summarized in Figure 4 . Approximately 80% of households within the control group at enrollment and final collection periods measured coliform bacteria between 10 1 and 10 5 cfu/100 mL. A significant majority of these houses had coliform levels between 10 3 and 10 5 cfu/100 mL at both collection periods. Similarly, over 70% of the influent water samples from the intervention group households had total coliform levels ranging from 10 1 to 10 5 cfu/100 mL, with most falling between 10 3 and 10 5 cfu/100 mL. By contrast, filter effluent water samples from 97% of intervention households during enrollment and 81% of households during the final collection period measured 0 cfu/100 mL. Five untreated samples had too many coliform forming units on the membrane filter to count and are labeled as TNTC (too numerous to count).
A summary of water quality measurements in the intervention group represented in Table 3 shows median influent Median total silver in influent samples was less than 2 μg/L at both collection points. Median total silver in effluent samples was 11.7 μg/L at baseline and 1.89 μg/L at final collection. Finally, median percent reduction of total coliform was 100% for both the enrollment and final collection periods. 
Social acceptability survey
Results in Table 4 from the social acceptability survey administered at the conclusion of the study indicated 94% of users said the CWF was easy to use. Eighty-one percent of participants indicated they experienced a reduction in diarrhea. A significant majority indicated that they would tell family, friends, and neighbors about the filter. They plan to continue to use the filter beyond the conclusion of the study. Finally, 65% indicated that they cleaned the filters and of those, 16% said their filter was cleaned daily.
DISCUSSION
The results of this pilot study demonstrate household- 
).
Filters exhibited good technological performance and effectively reduced microbiological contamination. Coliform levels in over 80% of household water samples at baseline in the control group and in the influent water in the intervention group ranged from 10 3 to 10 5 cfu/100 mL. Two (6%) at baseline and six (22%) at final collection of water samples from households in the control group meet WHO guidelines Finally, household surveys conducted at the end of the study demonstrated the social acceptance of the CWFs. Overall, filters demonstrated ease of use and users experienced a reduction of incidents of diarrhea. Users also indicated that they clean the filters frequently, even though they were instructed not to. Participants were discouraged from cleaning the inside of the lower reservoir to prevent introducing a potential source of contamination. Therefore, removing the filters from the lower reservoir may lead to its contamination.
When the filters were tested, often with cleaning by the research team, the filters removed 100% of total coliform bacteria.
LIMITATIONS
This study had significant attrition as a result of participant dropout over the course of the study, as shown in Figure 1 .
In some cases, diarrheal records had missing data, despite records being collected through two methods. However, missing data analysis through multiple imputations did not reveal any change in effect size. There was also no true placebo control in this study for our diarrhea data, or an unblinded group, which may bias HWT studies (Schmidt & Cairncross ) . However, the microbial analysis of stool data provided an unbiased comparison of the ability of the filter to reduce infection of the participant's gastrointestinal tract with Cryptosporidium sp. 
CONCLUSION
